Introduction
The last two decades have seen considerable research and development on new food technologies. One of the reasons for such interest in new food technologies is the anticipated range of benefits they can bring to the consumer and the food sector (Reisch et al., 2011) . Nevertheless, the risks associated with consuming foods produced with these new technologies, such as nanotechnology, are still unknown (Reisch et al., 2011; Chaudhry et al., 2008) or have so far received little attention (Forbe et al., 2011) .
A wide variety of nanotechnology applications has been developed in agriculture and in food production for different purposes, such as increasing food security, reducing the use of agricultural inputs, and improving packaging, processing, and nutrition (Miller, 2010) focusing on promoting sustainable agriculture and offering better quality foods (Gruère, 2012) . Applications of food nanotechnology can be divided into four categories: food processing and functional product improvement; delivery and release of bioactive compounds and nutraceuticals; detection of pathogens and food safety improvement; and development of packaging systems that can positively affect product quality and shelf life (García et al., 2010) . Foods and food packaging using nanotechnology have already been commercialized, though the number of products is still low. In the near future, nanotechnology may become increasingly important in the food sector since government agencies and industry have been investing considerable resources in its development and implementation (Frewer et al., 2011) . There is evidence to suggest, however, that nanotechnology is still unknown to many people (Reisch et al., 2011; Siegrist, 2008; Hosseini et al., 2012) .
Studies conducted in European countries indicate that consumers are still skeptical about buying foods produced using nanotechnology (Reisch et al., 2011; Siegrist et al., 2007 Siegrist et al., , 2008 Stampfli et al., 2010; Bieberstein et al., 2013; Rollin et al., 2011) . The results of these studies show that consumers perceive nanotechnology applications differently, and those that involve the use of nanotechnology in food packaging are more accepted than those that involve the use of nanotechnology in food processing (Siegrist et al., 2007 Stampfli et al., 2010; Bieberstein et al., 2013) . Among the factors that affect acceptance of nanotechnology are the perceived risks and benefits (Siegrist et al., 2007 Stampfli et al., 2010) , knowledge and information regarding nanotechnology (Frewer et al., 2011; Rollin et al., 2011; Roosen et al., 2011) , trust in the food industry and government regulations (Frewer et al., 2011; Hosseini et al., 2012; Siegrist et al., 2007 Siegrist et al., , 2008 Siegrist et al., , 2009 Stampfli et al., 2010) , and consumer demographics (Siegrist et al., 2007 Eurobarometer, 2006) .
Data collection instrument
A questionnaire with closed-ended questions was used to collect information to determine whether the respondents had information about nanotechnology and whether they understood its meaning (closed ended response: Yes, No). The questionnaire included the SWFL (Satisfaction with Food-related Life) scale. SWFL was proposed and tested by Grunert et al. (2007) in eight European countries (Cronbach's α: 0.81-0.85); the five items on the scale are grouped in a single dimension: 1. Food and meals are positive elements, 2. I am generally pleased with my food, 3. My life in relation to food and meals is close to ideal, 4. With regard to food, the conditions of my life are excellent, 5. Food and meals give me satisfaction in daily life. The respondents were asked to indicate their degree of agreement with these statements using a 6-point Likert scale (where 1 is disagree completely and 6 is agree completely).
Classification questions were included to establish gender, age, family size, self-declared lifestyle, occupation, and level of education of the head of the household, and possession of 10 household goods. These last two variables were meant to determine the socioeconomic group according to Adimark (2004) : classified as ABC1 (high and upper middle), C2 (middlemiddle), C3 (lower middle), D (low), and E (very low).
In order to determine the preferences for different nanotechnology applications in sunflower oil and its packaging, conjoint analysis (CA) was performed. This is a decomposition method that allows the relative importance of the attributes of a product to be estimated, as well as the part-worth utility values for each level of an attribute. The estimated part-worth utility indicates the influence of each level of an attribute on consumer preferences for a particular combination, i.e. they represent the degree of preference for each level of an attribute (Hair et al., 1999) . Additionally, the attributes brand and price were included since both reduce the risks associated with purchase. For the attribute brand, two manufacturer' brands were established (Chef and Natura) and a store brand of a major supermarket chains in Chile (Jumbo). For the attribute nanotechnology application in the food, the following levels were defined: without application, with nanoparticles to reduce blood cholesterol, and with nanoparticles to increase the absorption of minerals and vitamins. As for nanotechnology application in the packaging, the following levels were defined: without application, with nanoparticles that extend product shelf life, and with nanoparticles that prevent the development of bacteria and viruses. The price levels were established based on current prices in the Temuco market for a 1L bottle of sunflower oil at the time of the survey: US$ 2.5, US$ 2.7 and US$ 3.1. The national currency values (Chilean pesos) were converted to dollars using the average 2011 value ($483.67/US$). From these attributes and levels, a total of 81 combinations (3 × 3 × 3 × 3) were obtained; however, to facilitate the respondents' answers, it was decided that a fractional factorial design would be used obtained with the macro MktEx from the SAS Institute (Kuhfeld, 2012) . This allowed the number of stimuli to be reduced to twelve with one specification for each attribute (Table 1) . Each participant ranked twelve cards from most to least preferred using a scale from 1 to 12, where 1 = most preferred; 12 = least preferred.
To our knowledge, studies on the acceptance of nanotechnology applied to food production are still scarce in developing countries. Recently, in a developing nation in South America, Schnettler et al. (2013a) compared the acceptance of a food produced with nanotechnology with the acceptance of genetically modified and conventionally produced food. These authors found that consumers preferred conventionally produced food. However, at the same time, they revealed consumer segments that are positive about the possibility of buying food produced with nanotechnology. Similarly, Schnettler et al. (2013b) found that, in general, the application of nanotechnology in food packaging was more accepted than that involving the use of nanotechnology in foods. Nonetheless, consumers' behavior in response to specific nanotechnological applications in food and food packaging is still unknown in South America countries, whose governments are also promoting the development of this new technology (Kay & Shapira, 2009) . Considering that there is evidence to suggest that acceptance of nanotechnology applications differs from country to country (Bieberstein et al., 2013) , this study aims to evaluate the acceptance of different types of nanotechnology applications in food processing and food packaging, taking Chile as a case study in South American countries.
Present-day society is characterized by a growing awareness of the role played by food in improving consumers' well-being. Recent studies conclude that food is among the important domains of life which affect the subjective wellbeing of individuals (Grunert et al., 2007; Schnettler et al., 2013c) . It has been reported that there is a relation between satisfaction with food-related life and preferences for different foods (Schnettler et al., , 2011 . Moreover, Schnettler et al. (2013b) found that consumers satisfied with their food-related life were in general more willing to purchase foods and packages produced with nanotechnology. Therefore, it is expected that the acceptance of nanotechnology applications specific to food processing and food packaging will differ according to consumer satisfaction with food-related life.
The aims of this study were: to evaluate acceptance of nanotechnology applications in sunflower oil and in food packaging by consumers in Temuco (Region of the Araucanía, Chile) to identify consumer segments in terms of their preferences and characterize them according to their knowledge of nanotechnology, socio-demographic characteristics, and their level of satisfaction with food-related life.
Materials and methods

Sample
A survey was carried out with a sample of 400 people, aged over eighteen, who were responsible for buying food for their households in Temuco, Araucanía Region, Chile. The number of people surveyed was obtained using the simple random sample formula for non-finite populations (N> 100,000; Temuco: 245,347 inhabitants, Census 2002), with 95% confidence and 5% estimated error with p and q 0.5 (Fernández, 2002) . selected factors were determined. The Root Mean Square Error (RMSE) was calculated to measure the difference between the observed and the predicted data (Kuhfeld, 2012) . A hierarchical cluster analysis was chosen to determine consumer segments according to the partial utility scores of the attribute levels. Ward's procedure, which calculates the squared Euclidean distance, was carried out using the CLUSTER procedure by SAS. The number of clusters was based on the R 2 obtained and the significant increase in the Cubic Criterion of Clustering and Pseudo-F values. To describe the segments, the Chi-square test was applied to the discrete variables and a one-factor analysis of variance to the continuous variables (99% and 95% confidence level). Since the Levene's statistic indicated non-homogeneous variances in all of the continuous variables analyzed, the variables for which the analysis of variance resulted in significant differences (P<0.001) were subjected to Dunnett's T3 multiple comparisons test. Table 2 shows a sample description. Most respondents were: women (64.5%); people between 35 and 54 years of age (50.2%); people from families with three or four members (59.5%); private-sector employees (51.0%); people from the ABC1 socio-economic group (41.0%); people residing in urban areas (95.8%); and people with a conservative lifestyle (56.5%). Great number of respondents declared not having any previous information about nanotechnology (68.8%), or not knowing its meaning (72.5%). With respect to the SWFL using principal components analysis, the existence of a single factor was obtained for all the items with 60.8% of the variance explained. The Cronbach's α coefficient obtained (0.821) indicates an adequate level of internal consistency and makes it possible to conclude that this is a reliable scale (Hair et al., 1999) . The majority of the respondents were satisfied (51.3%) and extremely satisfied (34.2%) with their food-related life.
Results
According to the conjoint analysis (Table 3) , for the entire sample, the attribute of greatest importance during the purchase process was brand, followed by the type of nanotechnology application in the packaging and in the food, and finally, Prior to asking the respondents to put the cards in order, the definition used by Siegrist et al. (2008) was read to them: "Nanotechnology is considered one of the key revolutionizing technologies of the 21 st century and refers to a broad range of advanced applications that deal with particles and structures smaller than 100 nm. One nanometer is one billionth of a meter. The breadth of possible fields of application is farreaching and includes, for example, energy and information technologies as well as the medical and cosmetics industries. In the near future, the food industry plans to realize the potentials of nanotechnology to extend shelf life, customize flavors, or improve human health and well-being. Along with the beneficial aspects, nanotechnology also carries possible risks that we know little about. The biggest worry among experts is that nanoparticles may permeate the human body. The effects of nanoparticles on human health and the environment are still widely unknown".
Survey procedures
The survey was applied in April and July 2011 in person by two previously trained interviewers in three supermarkets in Temuco. People coming out of the supermarket were given the questionnaire and the purpose of the survey as well as the strictly confidential treatment of the information obtained were explained. They were then asked if they were prepared to answer the questionnaire. Prior to the application of the survey, the questionnaire was validated by a preliminary test with 10% of the survey sample. Since the validation of the instrument was satisfactory, no changes were required in either the questionnaire or the interview procedure. The participants signed an informed consent statement before responding. The present study was approved by the Bio-ethics Committee of the Universidad de La Frontera.
Statistical analysis
Conjoint analysis was carried out using the TRANSREG procedure by SAS (SAS Institute Inc., Cary, NC, USA). The relative importance that consumers gave to the different attributes and the utility values obtained for each level of the Prone to nanotechnology. Group 1 (20.8%): assigned greatest importance to the type of nanotechnology application in the food, significantly more than that assigned by the other groups. This group rejected the oil without nanotechnology and preferred the alternatives with nanotechnology applications in the food and packaging. This group stood out for the significantly greater preference for oil with nanoparticles to reduce the cholesterol level and for the packaging with the nanoparticles that prevents the development of bacteria and viruses (Table 3) .
Sensitive to the brand, prefer conventional oil. Group 2 (44.0%): placed great importance to brand, similar to Group 3 but significantly higher than Group 1, with a preference for the brand Chef, significantly stronger than the other groups. Group 2 preferred the oil with no nanotechnology application in either the food or the packaging, significantly stronger than the other groups. Nevertheless, this group showed a preference for the oil with nanoparticles to reduce cholesterol content, statistically similarly to Group 3. Group 2 was the only one that preferred the lowest-priced oil, which indicates that there is no association between price and quality (Table 3) . Group 2 presented less number of people extremely satisfied with their food-related life (25.6%) and the greatest presence of people who identified themselves as having a conservative lifestyle (67.6%) ( Table 4) .
Sensitive to brand, prone to nanotechnology. Group 3 (35.2%): also gave the greatest importance to brand, but the preference for the brand Natura was significantly greater than that of the other groups. This group rejected the oil without nanotechnology in the food and in the packaging, showing a preference for the two types of nanotechnology applications in the food and for nanotechnology applications in the packaging. It stood out for the great preference for the packaging with nanoparticles that increase the product's shelf life, significantly greater than the other groups. Group 3 was the only one that preferred the highest price, which indicates that these consumers associate higher price with better quality (Table 3) . This group had a higher number of people extremely satisfied with their food-related life (47.5%), and with an innovative lifestyle (21.3%) ( Table 4 ).
The three groups preferred the manufacturers' brands and rejected the store brand. This result and the greater importance assigned to the brand in the total sample and in Groups 2 and 3 indicate that consumers use this attribute to reduce the risk associated with purchasing foods produced with a new technology, such as nanotechnology, and prefer the product of a recognized brand. The alternative that concentrated the greatest number of first and second preference scores (36%) was the brand Chef with nanoparticles to reduce cholesterol with a package with nanoparticles that prevent the development of bacteria and viruses, at the highest price. If it is considered that Chef is the brand that has been available in the Chilean market longer than the brand Natura, the importance that trust in the brand has in the food choice was confirmed.
price. The signs of the utility values indicate preference for manufacturers' brands. Likewise, preference was observed for both types of nanotechnology applications in the packaging. The consumers preferred the oil with nanoparticles to reduce blood cholesterol over the products with no nanotechnology applications and that with nanoparticles that increase the absorption of minerals and vitamins. Consumers' first choice was the mid-level priced oil, followed by the one with the lowest price. The RMSE of the conjoint analysis was 0.21.
Cluster analysis distinguished three consumer groups with statistically significant differences in terms of importance assigned to the brand, nanotechnology application in the food and price (P≤0.001). The groups also differed in terms of preference for brands, nanotechnology applications in the food and in the packaging, and price levels (P≤0.001) ( Table 3) . The groups differed significantly (Table 4) in terms of level of satisfaction with food-related life and self-declared lifestyle Partly, these results are consistent with the greater acceptance for packages with nanotechnology than for foods with nanotechnology in developed countries Stampfli et al., 2010; Bieberstein et al., 2013) . However, the rejection of the alternative without nanotechnology in either the food or the package is noteworthy, in contrast to the results found in developed countries, which indicate that consumers prefer foods produced conventionally (Siegrist et al., 2007 (Siegrist et al., , 2009 Stampfli et al., 2010; Bieberstein et al., 2013) . This behavior was only observed in one of the consumer segments identified in this study, Group 2 (44%).
Given that the acceptance of foods produced with new technologies is directly associated with the risks and benefits perceived by the consumers (Frewer et al., 2011; 
Discussion
Consumer perception of new products must be considered from the beginning of their development (Siegrist et al., , 2009 . Accordingly, the present study contributes to the knowledge of the acceptance of specific nanotechnology applications in a developing country, an aspect that has not been previously evaluated. It was observed that brand was the attribute of greatest relative importance, followed by the type of nanotechnology application in the packaging and in the food, and finally, by price in the purchase of sunflower oil, with a preference for the product with manufacturers' brands, nanoparticles in the oil to reduce cholesterol, with nanoparticles in the package to extend product shelf life, and to prevent the development of bacteria and viruses, at an average price. "a" is significantly higher than "b". "b" is significantly higher than "c". foods (Schnettler et al., , 2011 and specifically for the use of nanotechnology in foods are related to satisfaction with food-related life (Schnettler et al., 2013b) . The smallest number of people extremely satisfied with their food in Group 2 and the greater number of people extremely satisfied with their foodrelated life in Group 3 indicate that people with a high level of subjective well-being with respect to food are more receptive to the use of new technologies in food production. This suggests that people extremely satisfied with their food-related life experience pleasure when faced with the possibility of trying novel foods. Nevertheless, because this was not observed in Group 1, further studies are necessary to delve more deeply into this relationship. However, these results suggest that when investigating the acceptance of nanotechnology applications, a large number of consumer-related variables should be considered, such as their psychographic and psychological characteristics, and should not be confined solely to their demographic characteristics.
One of the limitations of the present study is that it was conducted in the context of one country only, Chile. Therefore, considering that the acceptance of new technologies applied to food production differs between developing countries (Mucci et al., 2004; De Steur et al., 2010) , new research in developing countries from different regions of the world is necessary to confirm the results found here. Another limitation of this study is that the sample is not representative of the country's population distribution. However, the consumer distribution in the survey was similar to that in the samples defined by Schnettler et al. ( , 2011 Schnettler et al. ( , 2008 in studies on supermarket consumers. Therefore, although the results and conclusions of the present study may not be applicable to the whole population, they might be valid for consumers that normally purchase foods from supermarkets.
Conclusions
In the Araucanía Region, Chile, it was found in the total sample that brand was the attribute of greatest relative importance, followed by the type of nanotechnology application in the packaging and in the food, and finally, price. Three consumer segments were identified with different profiles: satisfaction with food-related life and lifestyle. The largest segment (44%) preferred oil without nanotechnology; the second (35.2%) and third (20.8) segments preferred oil with nanotechnology in the food and the packaging, but they differed with respect to their preference for the types of nanotechnology applications. This bodes well for the introduction of foods produced with nanotechnology onto the domestic market but they must be endorsed by well-known manufacturers 'brands. 2007 , 2008 Rollin et al., 2011) , the results obtained suggest that participants placed greater importance to the possible benefits associated with nanotechnology and less to the possible risks since the definition of nanotechnology given prior to the presentation of the stimuli from the conjoint analysis included both aspects. Indeed, a significant portion of the sample (Groups 1 and 3; 56%) preferred the oil with nanotechnology applications in the product and the packaging. This contradicts the findings of Siegrist et al. (2008) regarding consumers being able to perceive new technologies applied to food production as riskier than food processed with traditional products. One noteworthy aspect is the complete acceptance of the oil produced with nanoparticles that reduces cholesterol, which is consistent with the acceptance of beef from an animal genetically modified for the same purpose, according to a previous study in Chile . This indicates that certain benefits associated with new technologies in food production may be perceived more positively than others. Nevertheless, this result contradicts those obtained by Roosen et al. (2011) in Germany, where the information on the health benefits associated with nanotechnology food decreased its acceptance. This indicates differences between consumers in developed and developing countries.
The generalized preference for manufacturers' brands and the rejection of the store brand are consistent with the results of a previous study in Chile, which evaluated the acceptance of tomato sauce produced with genetically modified raw materials (Schnettler et al., 2008) . This indicates that the brand helps to reduce the risk of buying foods produced with new technologies, such as biotechnology and nanotechnology. Likewise, it has been shown that consumer trust in the food industry plays an important role in the acceptance of these new technologies (Frewer et al., 2011; Siegrist et al., 2008; Stampfli et al., 2010; Bieberstein et al., 2013; Rollin et al., 2011) . Price can also be used to reduce the risk associated with the purchase process; however, this behavior was only observed in Group 3 (35.2%), which showed the greatest preference for the highest price.
Although it was possible to confirm the lack of existing knowledge of nanotechnology in the total sample (Hosseini et al., 2012; Siegrist et al., 2008) , no differences were observed in the identified segments, contrary to what has been reported in developed countries (Frewer et al., 2011; Bieberstein et al., 2013; Rollin et al., 2011) . Furthermore, no demographic differences between the groups were detected, in contrast to studies that have found differences associated with consumer's gender and age Eurobarometer, 2006) .
The differences in lifestyle reported by the participants is noteworthy because the segment that preferred the conventional oil (Group 2; 44.0%) had the highest number of people who identified themselves as conservative. This is consistent with the findings of previous studies on the acceptance of genetically modified food (GMF) and nanotechnology applications. In these studies, a greater rejection of GMF (Schnettler et al., , 2008 Nayga et al., 2006) and nanotechnology foods and packaging (Schnettler et al., 2013b) was observed for people with a conservative lifestyle
The differences in the level of satisfaction with food-related life among the identified groups confirm that preference for
